In patients with chronic kidney disease (CKD), hypertension is a major challenge because of its high prevalence, the consequent increase in cardiovascular morbidity and mortality, and the risk it confers specifically to the progression of kidney disease. Hence, establishing evidence-based blood pressure targets and treatment strategies is a clinical priority of paramount importance. Over the last few years, different guidelines have advocated different blood pressure treatment thresholds and goals in CKD patients, including a target < 140/90 mmHg and a more intensive target-lower than 130/80 mmHg-in the presence of albuminuria ≥ 300 mg/daily. Aim of this article is to critically appraise the evidence base of the freshly released 2018 ESC/ESH European Guidelines, which recommend to lower systolic BP to a range 130 to < 140 mmHg in patients with diabetic or non-diabetic CKD, also in view of the 2017 US guidelines, which favor a more intensive strategy with a BP target lower than 130/80 mmHg.
Introduction
The optimal blood pressure (BP) target in hypertensive patients with chronic kidney disease (CKD) remains controversial. Some guidelines recommended a target < 140/90 mmHg in these patients [1] and a more intensive target, < 130/80 mmHg, in the presence of albuminuria ≥ 300 mg per day [2, 3] . The scenario is complicated by the concern that an intensive BP lowering strategy might be associated with a paradoxical rise in mortality and severe kidney failure ('J-curve' hypothesis), as suggested by studies in the general population [4] and in patients with CKD [5] [6] [7] [8] .
Recently, the Systolic Blood Pressure Intervention Trial (SPRINT) added an important piece of evidence in this area. In SPRINT, 28.3% of participants had non-diabetic CKD at entry, defined by an estimated glomerular filtration rate (eGFR) between 20 and 59 ml/min per 1.73 m 2 [9] . Patients were randomized to a more intensive (< 120 mmHg) or less intensive (< 140 mmHg) systolic BP target. In this study, the outcome benefits associated with the more intensive BP targets did not show any significant differences between the patients with and without CKD. In the subset of patients with CKD, all-cause mortality was reduced by 18% (p = 0.04) in the more intensive compared with the less intensive treatment group [9] . Notably, several adverse events potentially associated with a more intensive BP lowering strategy (hypotension, syncope, bradycardia, injurious falls, hyponatremia, hypernatremia or orthostatic hypotension) did not differ between the more intensive and the less intensive treatment groups among the patients with CKD [9] . In contrast, hypokalemia, hyperkalemia and acute kidney failure were more frequent in the intensive treatment group [9] . Also on the basis of the SPRINT findings, the recent US Hypertension Guidelines approved by the American Heart Association, the American College of Cardiology and other 9 US Scientific Societies, recommended a BP target < 130/80 mmHg (IB and IC for systolic and diastolic BP, respectively) in adult hypertensive patients with CKD [10] .
The recently released 2018 European Society of Cardiology/European Society of Hypertension (ESC/ESH) Guidelines [11] addressed in detail the issue of hypertensive patients with concomitant CKD and recommended specific treatment strategies in terms of BP thresholds, BP targets, and antihypertensive drugs to prefer for clinical use.
Take-home messages from European guidelines
In brief, the European Guidelines state that 'in patients with diabetic or non-diabetic CKD, it is recommended that an office BP of ≥ 140/90 mmHg be treated with lifestyle advice and BP lowering medication' (IA recommendation). Indeed, lifestyle changes are also advised in the subjects with high-normal BP (i.e., 130-139/85-89 mmHg) (IA recommendation). A few lines below, the European Guidelines add that 'in patients with diabetic or non-diabetic CKD it is recommended to lower systolic BP to a range 130 to < 140 mmHg' and that 'individualized treatment should be considered according to the tolerability and impact on renal function and electrolytes' (IIaC recommendation). The European Guidelines advise using renin-angiotensin system (RAS) blockers in patients with microalbuminuria or proteinuria (IA recommendation) and also recommend the combination between calcium channel blockers and RAS blockers as initial therapy in these patients (IA recommendation). Finally the Guidelines state that a combination between two different RAS blockers is strongly not recommended (IIIA recommendation) [11] .
The issue of therapeutic thresholds
Where does the therapeutic threshold of 140/90 mmHg in patients with diabetic and non-diabetic CKD spring from? Indeed, the recommendation of treating patients with office BP ≥ 140/90 mmHg with lifestyle measures and BP lowering drugs is based on three meta-analyses [12] [13] [14] .
The first is a meta-analysis of 9 randomized trials which compared a more intensive (< 130/80 mmHg) versus a less intensive (< 140/90 mmHg) BP lowering strategy in non-diabetic adults with CKD. Average BP at entry was < 140/90 mmHg in 4 of these studies, and 140/78 mmHg in another study. The results of meta-analysis were substantially negative. The annual rate of change in the glomerular filtration rate (GFR), the rate of doubling of serum creatinine, end-stage renal disease and all-cause mortality did not show any significant differences between the more intensive and the less intensive treatment groups. Only the subgroup of patients with proteinuria, and non-blacks patients, showed a trend toward a lesser kidney disease progression in the more intensive treatment group [13] .
The second meta-analysis examined 11 randomized trials conducted in patients with CKD and comparing a more intensive versus a less intensive BP target [12] . The end-points were kidney failure (composite of doubling serum creatinine and 50% decline in GFR, or dialysis) or cardiovascular events (fatal or nonfatal myocardial infarction, fatal or nonfatal stroke or mortality). Again, BP at entry was < 140/90 mmHg in 5 of these trials. Diabetic patients were excluded from 3 of these trials. Overall, the more intensive BP target was associated with a reduced risk of kidney failure only in the subset of patients with proteinuria (hazard ratio 0.73; 95% CI 0.62-0.86), not in those without proteinuria (hazard ratio 1.12; 95% CI 0.67-1.87) [12] . There was no evidence of benefit from intensive BP lowering on the risk of major cardiovascular events or death [12] .
The third meta-analysis was focused on all-cause mortality in 18 randomized trials that compared either a more intensive versus a less intensive BP target, or an active BP lowering treatment versus placebo or no treatment [14] . All these trials had been conducted in patients with eGFR < 60 ml/min per 1.73 m 2 . Systolic BP at entry was < 140/90 mmHg in 6 of these trials, and only 12 trials included patients with diabetes. Overall, systolic BP fell by 16 mmHg from baseline to follow-up in the more intensive arm and by 8 mmHg in the less intensive arm [14] . All-cause mortality during follow-up was 14% lower in the more intensive than in the less intensive arm and results were consistent across several subgroups. In particular, the mortality benefit in the more intensive arm did not differ (p for interaction: 0.56) according to baseline BP (< 120 mmHg versus 120-140 mmHg vs > 140 mmHg) [14] .
In order to investigate the conclusiveness of the available evidence and establish whether and when firm evidence of efficacy had been reached, we conducted a trial sequential analysis [15, 16] of the studies examined by Malhotra [14] . Notably, the mortality benefit remained consistently and steadily above the futility area, and it crossed the sequential monitoring boundary for efficacy before the required information size was reached, thus providing early and firm evidence of the beneficial effect of the more intensive BP strategy (Fig. 1) .
The issue of BP targets
The European Guidelines base their recommendation of targeting systolic BP to below 140 mmHg, but not below 130 mmHg (range of '130 to < 140 mmHg'), in patients with diabetic or non-diabetic CKD on two meta-analyses and a retrospective cohort study [11] .
The first meta-analysis had been discussed above [13] . Notably, achieved systolic BP was lower than 130 mmHg in some trials, ranging between 126 and 133 mmHg in the more intensive arm, and between 134 and 141 mmHg in the less intensive arm. The achieved differences in systolic BP varied between 4 and 13 mmHg. In the more intensive arm there was no evidence of increased risk of serious adverse events related to BP lowering (syncope, hypotension, acute kidney injury).
The second study is a patient-level meta-analysis of 11 randomized studies comparing regimens with and without angiotensin-converting-enzyme (ACE) inhibitors in patients with predominantly non-diabetic CKD [5] . However, type 1 diabetes was a pre-specified exclusion criterion, while type 2 diabetics (N = 66) were subsequently excluded from the patient-level data analysis. Thus, the results of the meta-analysis are exclusively applicable to non-diabetic CKD. Both randomized groups were targeted to achieve BP levels < 140/90 mmHg. The primary outcome was kidney disease progression, defined as a composite of doubling of serum creatinine levels or initiation of dialysis. Systolic BP at entry was > 140 mmHg in 10 of these trials. Mean systolic BP at follow-up was < 140 mmHg in only 5 of these trials. In the total population, achieved systolic BP 110-129 mmHg, and urine protein excretion < 2 g/dl, were associated with the lowest risk of kidney disease progression. There was a paradoxical rise in kidney disease progression ('J curve') for achieved systolic BP levels < 110 mmHg (but not between 110 and 130 mmHg) in combination with urinary protein excretion > 1 g/day, although the authors conclude that 'reverse causation cannot be excluded with certainty' [5] . 
Fig. 1
Trial sequential analysis (TSA) of the effect of more intensive versus less intensive blood pressure reduction on morality in the studies examined by Malhotra et al. [14] The mortality benefit remained consistently and steadily above the futility area, and it crossed the sequential monitoring boundary for efficacy before the required information size was reached with no evidence for harmful effect. See Refs. [15, 16] for guidance on TSA and plot interpretation The third study considered by the Guidelines is a retrospective cohort study of an insurance database, conducted in 398,419 patients coded with diagnosis of hypertension [4] . Only 24% of these patients had concomitant CKD, defined by a GFR < 60 ml/min per 1.73 m 2 , and 30% had diabetes. The primary outcome was a composite of all-cause mortality or end-stage kidney disease, defined by dialysis or renal transplantation. The primary outcome showed a nadir at 130-139/60-79 mmHg, with higher and lower values associated with worse outcome ('U curve') [4] . However, the primary outcome was almost entirely driven by allcause mortality. End-stage kidney disease showed a nadir at 110-140 mmHg, with markedly increased risk for higher values and a slightly higher risk at levels < 110 mmHg. This finding is in close agreement with the previously discussed meta-analysis [5] . Reverse causality cannot be excluded with certainty to explain the higher risk of all-cause death in the subgroup with very low BP. Indeed, the prevalence of cerebrovascular disease, ischemic heart disease, diabetes and CKD were significantly higher in the group of patients with systolic BP < 110 mmHg.
Conclusions
The IA recommendations by the European Guidelines that antihypertensive drug treatment should be initiated in patients with CKD only if office BP is ≥ 140/90 mmHg despite lifestyle measures is not fully supported by evidence. Indeed, several 'strategy trials' comparing different BP targets or an active treatment versus placebo or no treatment have been conducted in patients with initial BP < 140/90 mmHg. Hence, the conclusions of related metaanalyses cannot be attributed exclusively to patients with office BP ≥ 140/90 mmHg.
Second, the recommendation of targeting systolic BP to below 140 mmHg, but not below 130 mmHg (range of '130 to < 140 mmHg') in patients with diabetic or non-diabetic CKD is also not fully supported by evidence. Achieved BP during follow-up was < 130 mmHg in several strategy trials, in the absence of serious adverse events potentially related to BP reduction. In the important meta-analysis by Malhotra et al. [14] , the mortality benefit in the more intensive arm crossed the efficacy boundary early, and without evidence of harm or futility (Fig. 1) . Furthermore, an important mortality benefit favoring the more intensive strategy (odds ratio 0.76; 95% confidence interval 0.62-0.93) was noted in the studies which achieved the greatest difference across the groups (≥ 12 mmHg), although the interaction with BP strata bordered statistical significance (p = 0.06).
On balance, evidence accrued so far does not support the recommendation by the European Guidelines to define 'safety boundaries' (i.e., 130 mmHg) in hypertensive patients with CKD, not to be exceeded regardless of the actual tolerability of treatment. Also, the European Guidelines are somewhat confusing and ambiguous, as they state that 'in patients with diabetic or non-diabetic CKD it is recommended to lower systolic BP to a range 130 to < 140 mmHg', but they also establish different targets for patients with diabetes [11] , namely a recommended systolic BP target 120-130 mmHg in patients aged < 65 years and 130-139 mmHg in those aged ≥ 65 years. As patients with diabetic CKD implicitly fall into the specific subgroup of 'diabetes', this could lead to some unnecessary confusion on the appropriate systolic BP target in patients with CKD and diabetes. To further complicate the issue, the meta-analysis by Jafar et al. [5] -arguably the strongest piece of supporting evidence for diabetic and non-diabetic CKD patients referenced in the European Guidelines-has only included patients with non-diabetic CKD.
Ironically, the introduction of 'safety boundaries' recommended by the European guidelines in CKD patients seems to be mostly driven by the recent controversial findings in hypertensive patients without CKD. Indeed, a secondary analysis of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) [17] and SPRINT trials showed that a more intensive BP lowering strategy increased the risk of incident CKD, as defined by a > 30% reduction in eGFR to < 60 mL/min per 1.73 m 2 , compared to standard BP lowering strategy [18, 19] . However, as pointed out by several experts [20, 21] , the higher risk of incident CKD is likely to be overshadowed by the cardiovascular benefits as the systolic BP is reduced below 130 mmHg.
In a recent editorial [21] , Mancia argues that the choice between cardiac protection and renal protection is illogical and unfeasible. Indeed, a unified intermediate BP target should be identified at which both cardiovascular and renal protection are maximized. Such unified target, the Holy Grail of Cardionephrology, might lie somewhere in the 120-130 mm Hg systolic range-i.e. certainly well below the 'range 130 to < 140 mmHg' advocated by the European Guidelines [11] . Sadly, the wisely worded message of this editorial [21] is not reflected by the freshly published European Guidelines.
In our current clinical practice, how should we manage hypertensive patients with CKD and treated BP below 130 mmHg when the tolerability of treatment appears to be fully satisfactory or perfect? Following the Guidelines, it seems that we should consider withholding, partly or completely, drug treatment, in order to bring up systolic BP between 130 and 140 mmHg. In the current era of litigations, we wonder whether there may be the actual risk for doctors to be prosecuted, particularly in case of ensuing complications, for non-compliance with the recommendations of the European Guidelines, while in actual facts the patients were perfectly tolerating their 'excessively low' BP! In summary, we believe that there is robust evidence from individual trials and meta-analyses that BP should be treated at lower values, and lowered to lower values, than supposed so far. As a consequence, we also believe that the recent US Hypertension Guidelines [10] (BP target < 130/80 in adult hypertensives with CKD) seem to adopt, in view of the evidence accrued so far, a more reasonable and balanced position compared to the European Guidelines. Having said that, we suggest that instead of fixing rigid BP targets or safety thresholds only barely supported by evidence, and until further trials comparing three rather than two systolic BP targets become available [22] , we should be driven by two simple goals in our clinical practice. One, the conceptual acceptance of the notion that the lower the BP, the better, over a wide range of achieved BP; two, the pursuit of the best possible balance in each patient between the magnitude of BP reduction and the tolerability of treatment. Age, hypotension-related side effects, renal function and comorbidities appear to be main drivers in pursuing this balance not only in the patients with CKD, but probably in the totality of hypertensive patients. 
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